H ip fracture is a major public health concern in the United States and worldwide. 1À4 Importantly, the burden of hip fracture is disproportionately experienced by individuals with end-stage renal disease (ESRD). 5, 6 In 2010, older hemodialysis (HD) patients had nearly 4 times the fracture rate (31.9 vs. 8.0 events/1000 persons-years) of similarly aged nonhemodialysis patients in the Medicare population. 5, 6 This increased risk of fracture has been attributed to altered bone mineralization and metabolism, skeletal fragility, impaired muscle strength, and a propensity for falls. 7À13 The effect of hip fracture is further compounded by an abundance of pre-existing comorbidities and postoperative complications leading to subsequent hospitalizations and death compared to the general age-, race-, and sex-matched population, 5,6,14À25 and may have a graded increase in risk with fall in kidney function. 20 Although patients with kidney failure represent a group at high risk for death and surgical complications, what remains unclear from these past studies is whether it is the dialysis-dependent kidney failure or the high comorbidity burden seen in dialysis patients that contributes to the adverse outcomes. Thus, we sought to determine whether dialysis dependency is an independent predictor for postoperative outcomes including death, hospital stay and readmission after hip fracture repair beyond the multimorbidity common in these patients by using the American College of Surgeons National Surgical Quality Improvement Program (NSQIP), a database of multiple surgical centers across the United States that collects outcomes data for 30 days following surgical procedures. 26, 27 MATERIALS AND METHODS Study Design, Data Source, and Cohort Selection A matched cohort study was performed using the ACS-NSQIP database. The ACS-NSQIP, a nationally validated, risk-adjusted surgical outcomes database, prospectively collects data on preoperative risk factors, intraoperative variables, and 30-day postoperative mortality and morbidity outcomes for patients undergoing major surgical procedures in both the inpatient and outpatient settings. 28 The surgical quality improvement program, consisting of more than 350 participating U.S. hospitals, uses trained surgical clinical reviewers for each site to collect data extending from the preoperative through the full 30-day postoperative period, regardless of dismissal date, on randomly assigned patients in an effort to minimize selection bias. 29 The number and types of variables collected differ from hospital to hospital, depending on the hospital's size, patient population, and quality improvement focus. Blinded, risk-adjusted data are then provided back to the participating hospitals, allowing them to nationally benchmark their complication rates and surgical outcomes. Participant use data files from the NSQIP were queried for surgical treatment of hip fracture with fracture fixation or hip arthroplasty from 1 January 2010 through 31 December 2013. All hip fracture cases were identified through primary postoperative diagnoses (International Classification of Diseases, Ninth Revision [ICD-9] diagnosis 820.xx (N ¼ 25,458). The study cohort was limited to patients undergoing primary procedure for fracture fixation (n ¼ 11,556) or hip arthroplasty repair (n¼12,114) ( Figure 1 25 
Exclusion Criteria
Cases were excluded for the following reasons: concomitant knee procedures (n ¼ 1), cases missing description of sex, age, year of operation, anesthesia technique, or race (subtotal n ¼ 28), disseminated cancer (n ¼ 390), central nervous system tumor (n ¼ 8), preoperative hospital stay >14 days (n ¼ 83), open hip fracture (n ¼ 228), primary procedure surgeon's specialty other than orthopedic (n ¼ 122), and cases having concomitant procedure of fracture fixation (if having primary procedure for arthroplasty) or arthroplasty (if primary procedure for fracture fixation) (n ¼ 48). Dialysis dependency was defined as kidney failure requiring treatment with peritoneal dialysis, hemodialysis, hemofiltration, hemodiafiltration, or ultrafiltration within 2 weeks prior to the principal operative procedure. To restrict to an eligible study population receiving chronic hemodialysis therapy, cases with acute renal failure requiring dialysis/filtration (n ¼ 141 were also excluded).
Matching Criteria
To account for the independent effect of dialysis in this cohort, individual dialysis cases were matched to 4 nondialysis controls (1:4) (Figure 2 ). Patients were matched on sex (male/female), age (AE 5 years), year of operation (AE1 years), primary procedure type (fracture fixation/arthroplasty), anesthesia technique (general/ nongeneral technique), race (white/black/other), and diabetes mellitus (yes/no).
Outcomes, Follow-up, and Predictors
The outcomes included the following: prolonged postoperative length of hospital stay (PLOS), in-hospital death, death within 30 days of hip fracture repair, and in a subset of patients (years 2011À2013) 30-day postoperative readmission rate. PLOS was defined as any postoperative hospital length of stay >7 days (above the 75th percentile of overall length of hospital stay). Major postoperative complication was defined as any postoperative deep/incisional surgical site infection organ/ space surgical site infection, wound dehiscence, pneumonia, unplanned reintubation, pulmonary embolism, ventilator use >48 hours, progressive renal insufficiency, acute renal failure, cerebrovascular accident/ stroke with neurological deficit, cardiac arrest, myocardial infarction, deep venous thrombosis/thrombophlebitis, sepsis or septic shock, or return to operating room. In 2011, NSQIP began capturing detailed data on 30-day postoperative readmissions following surgical procedures. Hospital readmission was defined by the NSQIP database as hospitalization in the original hospital or another medical center within 30 days following the surgical procedure. Beginning in 2012, the primary suspected reason for and number of unplanned (related or unrelated) readmissions postoperatively were recorded. Time from discharge to readmission was not captured in the database until 2012, and therefore the Cox proportional hazard model of time to readmission includes data from 2012 to 2013 only (n ¼ 1363; 264 dialysis-dependent). All postoperative complications and study follow-up were based on the NSQIP database design from the time of surgery to 30 days.
Baseline Demographics and Covariates
Baseline demographics and covariates were recorded for each patient. Several comorbidities were defined in the ACS-NSQIP based on their occurrence before the surgical procedure, including congestive heart failure (within 30 days), active smoking status (within 1 year), and greater than 10% weight loss (within 6 months). Preoperative kidney function was assessed with creatinine values (within 90 days). Estimated glomerular filtration rate was calculated using the 4-variable Modification of Diet in Renal Disease equation. 30 American Society of Anesthesiologists (ASA) Physical Status Classification System score is a scoring system designed to standardize physical status classification during the preoperative risk assessment. 31 The scoring system uses 5 classes to describe the patient ' 
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(patients with severe systemic disease that is a constant threat to life and moribund patients who are not expected to survive without the operation). The systemic inflammatory response syndrome (SIRS) is a widespread inflammatory response to a variety of severe clinical insults. This syndrome is clinically recognized by the presence of 2 or more of the following within the same time frame: (i) temperature >38 C (100.4 F) or <36 C (96.8 F); (ii) heart rate >90 bpm, respiratory rate >20 breaths/min, or PaCO 2 <32 mm Hg(<4.3 kPa); (iii) white blood cell count >12,000 cell/mm 3 , <4000 cells/mm 3 , or >10% immature (band) forms; or (iv) anion gap acidosis. Sepsis was defined as SIRS plus either positive blood culture results or suspected preoperative clinical condition of infection.
Statistical Analyses
KaplanÀMeier 30-day survival curves were plotted for dialysis and nondialysis patients and compared using the log-rank method. Logistic regression was used to assess the associations between predictors (dialysis dependency) and in-hospital mortality, major postoperative complications, PLOS, and 30-day mortality in all patients undergoing the procedure from 2010 to 2013. Patients were at risk for readmission only after live hospital discharge and up to 30 days after the index surgery, excluding time spent in the hospital during readmission (estimated to be 2 days per readmission). Multivariable logistic regression models for predicting binary outcomes and Cox proportional hazards readmission models included age, sex, ASA class, heart failure, chronic obstructive pulmonary disease, functional status, body mass index, and preoperative white blood cell count and albumin value based on clinical significance and results of the univariate analyses. In the multivariable models, missing preoperative characteristics were imputed using multiple imputation for each respective covariate having missing data.
To examine the association between dialysis dependency and risk of outcomes in a "typical sample" of unmatched patients, additional analyses were repeated in the entire (matched and prematched) ACS NSQIP cohort from 2010 to 2013. To examine the association between dialysis dependency and risk of outcomes when the matching criteria included ASA class (groups 1À2 and 3À4), additional analyses were repeated for the same outcomes of interest. Logistic regression was used to assess the association between dialysis and 30-day mortality, in-hospital mortality, major postoperative complications, and PLOS. Cox proportional hazards models were used to assess readmissions within 30 days of index hip fracture procedure in the 2012 to 2013 cohorts given availability of data on time from discharge. All statistical comparisons were assessed at P < 0.05. All analyses were performed in SAS version 9.3 (SAS Institute Inc., Cary, NC).
RESULTS

Demographic and Laboratory Characteristics
A total of 23,670 patients were identified who underwent a primary procedure for fracture fixation (n ¼ 11,556) or hip arthroplasty repair (n ¼ 12,114) from 2010 through 2013. After 1049 exclusions, 22,621 patients met the inclusion criteria (prematched cohort) (Figure 1 ). Of these, 377 dialysis-dependent patients (cases) were matched to 1508 nonÀdialysis-dependent controls. Baseline patient characteristics and laboratory tests of the matched cohort are shown in Table 1 . The matched cohort comprised mostly elderly (median age, 78 years), white (70.0%) men (55.7%) with a high prevalence of diabetes mellitus (43.0%). Dialysisdependent patients had higher ($4) ASA classes (56.5% vs. 18.6%; P < 0.001) and more often had CHF in the 30 days before surgery (8.2% vs. 3.7%; P < 0.001) but were less often smokers (12.2% vs 16.4%; P ¼ 0.04). As expected, both serum creatinine and blood urea nitrogen values were higher, and hematocrit and serum albumin values were lower, in the dialysis group (all P < 0.001). Significant differences in laboratory studies were also observed for platelet count (P ¼ 0.02) and alkaline phosphatase and serum glutamic oxaloacetic transaminase (both P < 0.001).
Postoperative Outcomes
Hip fracture repair procedure, hospital stay, and postoperative complications are shown in Table 2 . In the matched cohort, 53.3% had arthroplasty procedures and 46.7% underwent fracture fixation, with 79.8% of all procedures using general anesthesia. The surgical procedures occurred in 2012 and 2013 for 72.3% of patients. For the overall cohort, mean (SD) hospital duration was 1.37 (1.46) days from hospital admission to operation, 6.53 (7.37) days from operation to discharge, and 7.90 (7.73) days for the total hospital stay. A minority of patients had prolonged PLOS from operation to discharge: 22.7% for >7 days, 7.5% for >14 days, and 4.4% for >20 days. The dialysis group was at greater risk for PLOS >7 days compared with the nondialysis group (OR ¼ 1.82; 95% CI ¼ 1.42À2.34; P < 0.001). Urinary tract infection occurred less often in dialysis (2.7%) than in nondialysis (5.6%) patients (P ¼ 0.020). After adjustment for age, sex, ASA class, history of chronic obstructive pulmonary disease, history of congestive heart failure, functional dependency, body mass index, preoperative albumin, and preoperative platelets, dialysis dependency was still associated with an increased risk of PLOS >7 days (adjusted OR ¼ 1.43, CI ¼ 1.09À1.89, P ¼ 0.01).
Major Complications
The most common complications included pneumonia (3.8%), in-hospital death (3.0%), and sepsis/septic shock (2.8%) ( Table 2 ). Rates of events were significantly higher in the dialysis group for cardiac arrest requiring cardiopulmonary resuscitation (4.5% vs. 0.7%; P < 0.001) and sepsis/septic shock (5.3% vs. 2.2%, P ¼ 0.001), and were lower in the dialysis group for urinary tract infection (2.7% vs. 5.6%, P ¼ 0.02). Dialysis dependency was associated with an increased risk of major complication following hip fracture repair (unadjusted OR ¼ 1.74, CI ¼ 1.29-À2.34), P < 0.001), which persisted after adjustment (adjusted OR ¼ 1.44, CI ¼ 1.03À2.006, P ¼ 0.03).
Death
Overall, 56 patients (3.0%) died prior to hospital discharge, with a higher proportion of deaths occurring in the dialysis-dependent group (7.7% vs. 1.8%, P < 0.001). In-hospital mortality during the index hospitalization was associated with a more than 3-fold increased adjusted risk in dialysis-dependent patients (adjusted OR ¼ 3.13, CI ¼ 1.72À5.70, P < 0.001). The cumulative 30-day mortality rate was 7.4% for the total cohort but was significantly higher in dialysis group (14.3% [54/377], vs. 5.7% [86/1,508] for nondialysis; P < 0.001) and is further illustrated in Figure 3 . Overall, the risk of death within 30 days of procedure was greater in the dialysis group (adjusted OR ¼ 2.29, CI ¼ 1.51À3.48, P < 0.001).
Readmissions Within 30 Days of Repair
The overall cumulative 30-day postoperative readmission rate was 9.98% per 30 person-days. As with other complications, the readmission rate within 30 days of surgery was higher in the dialysis cohort (14.0% vs. 9.0% rate per 30 person-days; P < 0.001). Dialysis dependency was associated with an increased risk of readmission in the 2012 to 2013 cohort but was not statistically significant (adjusted hazard ratio ¼ 1.46, CI ¼ 1.0.94À2.49, P ¼ 0.09).
Prematched Cohort and Revised Matching Criteria Analyses
Prematched Analysis
Additional analyses were conducted to assess for any differences in risk in the prematched cohort. Among the prematched cohort (403 dialysis; 22,218 nondialysis), dialysis-dependent patients were younger, with proportionally more male individuals, minority race/ ethnicity, diabetes, chronic obstructive pulmonary disease, and congestive heart failure, as well as poorer ASA classes, elevated body mass index, and laboratory abnormalities (Supplementary Table S1 ). Surgical procedures for hip fracture repair were similar between groups, but general anesthesia technique was more commonly used in dialysis patients (Supplementary  Table S2 
Analyses With Addition of ASA Matching Criteria
A sensitivity analysis was also performed to assess for changes in association between dialysis dependency and outcomes of interest when matching criteria included ASA class (groups 1À2 and 3À4). No statistically significant differences were observed from these adjusted analyses compared to the originally matched cohort (Supplementary Table S3 ).
DISCUSSION
To our knowledge, this is the first study to assess the risks of dialysis dependency independent of comorbidity in a matched cohort analysis of individuals undergoing surgical repair for hip fracture. Dialysis dependency was independently associated with an increased risk of prolonged postoperative stay death and postoperative complications within 30 days of repair. Most notably, nearly 8% of dialysis patients died before hospital discharge with a more than 3-fold adjusted risk compared with nonÀdialysis-dependent controls who, by design, were younger and had a higher comorbidity burden than most hip fracture patients in the general population. Given this knowledge, the morbidity inherent in dialysis dependency can be reflected in realworld discussions at the time of informed consent, quality improvement initiatives, and case-mix adjustments for bundling and quality rankings. Similar to other studies, the findings of our study highlight the importance of acknowledging dialysisdependent patients to be at high risk for postoperative morbidity. A study by Belmont et al. 32 of 44,419 patients with hip fracture in the 2008 National Trauma Data Bank (with 886 dialysis-dependent patients) showed dialysis dependency to be an important preoperative predictor of in-hospital mortality, with a considerably high risk (OR ¼ 6.7, 95% CI ¼ 3.6À12.7). Our study aimed to decrease the confounding of comorbid disease burden (e.g., diabetes mellitus) often found in individuals with kidney failure by matching patients on the basis of diabetes, surgical procedure, anesthesia, age, and sex. In so doing, we too found an overall rate of in-hospital deaths of 3% but nearly half the risk attributed to dialysis dependency in comparison to that reported by Finding meaningful recommendations to improve care may be challenging. A recent study conducted by Ponnusamy et al. 33 examined 1251 dialysis-dependent and more than 2 million nonÀdialysis-dependent patients undergoing primary total hip arthroplasty, primarily for osteoarthritis, from 2000 to 2009 in the National Inpatient Sample. Even for this elective procedure, inpatient mortality rates were higher in those on dialysis compared with the nondialysis group (1.88% vs. 0.13%; P < 0.0001); the authors concluded that "caution should be exercised in recommending arthroplasty" for dialysis patients. Hip fractures occur in a more acute setting, however, with increased morbidity and limited to no opportunity to delay surgical intervention. Le Manach et al. 34 supported considering different risks of death by procedure type. Among 319,804 patients undergoing hip fracture repair in the French National Discharge Database, a higher risk of in-hospital mortality after hip fracture surgery was found compared with that in a cohort undergoing elective total hip replacement (3.42% vs. 0.18%; n ¼ 371,191). The overall relative risk of death was 5.88 (95% CI ¼ 5.26À6.58, P < 0.001) for patients after hip fracture surgery in their smaller matched population analyses. Hence, hip fracture represents a procedure with increased morbidity and mortality for which intensively targeted efforts to improve postoperative outcomes are needed.
The lack of ability to select which patients undergo hip fracture repair places surgeons and medical providers in a difficult position. Belmont et al. 32 noted that a procedure delay of more than 2 days was associated with increased complications. Recent efforts to validate frailty risk indices and to incorporate preoperative frailty screening with multidisciplinary teams have shown promise for optimizing 30-day mortality rates in other surgical procedures.
35À37 Notably, the presence of kidney failure contributes substantial weight to frailty risk analysis indices and is an unmodifiable risk. Among dialysis-dependent patients, Sakabe et al. 21 found prefracture ambulation status to be the only significant predictor of life expectancy after femoral neck fractures in hemodialysis patients. However, the dialysis-dependent patients who survive to hospital discharge then are more likely to require outpatient rehabilitation, which may delay discharge and prolong hospital stays if not adequately planned. 21 These focus areas represent avenues to pursue additional quality improvement investigations for hip fracture repair.
Our study has some limitations. Although the NSQIP database represents several institutions across the United States, allowing for generalizability of study findings in addition to data reliability given data collection by well-trained nurses and staff, this database has limitations for the purpose of our investigations. These include but are not limited to the following: (i) a fixed number of predefined and specified variables collected that limit potential analyses; (ii) missing laboratory data that likely reflect variability in clinical practice; (iii) lack of data on facility-level variation (e.g., teaching/nonteaching, academic/community; size); and (iv) fracture complexity, all of which could lead to unanticipated bias. In addition, dialysis dependency may not adequately represent underlying differences in end-stage renal disease and its treatment (peritoneal vs. hemodialysis) modalities. Moreover, information is limited regarding kidney failureÀrelevant bone mineral metabolism laboratory parameters, acute kidney injuryÀassociated dialysis dependency, or preoperative timing of dialysis treatment relative to the surgical procedure. Additional studies examining differences in these areas should be further explored.
In conclusion, dialysis dependency is independently associated with an increased risk of death and postoperative complications after hip fracture repair. However, the application of these data outside of the hip fracture population to other elective procedures requires further study. Because models for reimbursement of joint replacement and other common surgical procedures change over time, 38 the incentives for outcome improvement of quality measures and cost reduction will increase. Dialysis-dependent patients represent a high-risk group that will benefit from thoughtful, targeted efforts to reduce postoperative death and complications after hip fracture.
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